For many older patients the emergency department (ED) is an entry point into the healthcare system. Geriatric emergency medicine is a resource intensive process and with ongoing demographic aging the already high demand is expected to rise even further [1]. At present, special needs of geriatric patients are likely to be overlooked in the ED [26]. To face this challenge and improve pathways towards optimal geriatric healthcare, the geriatric medical concept of the state government of Baden-Württemberg recommends screening older patients for those at high risk for adverse outcomes at the very beginning of the medical treatment, which is often in the ED of acute care hospitals [32].
Introduction
Fundamentally, risk stratification is intended to be part of a two-step process: first, a screening tool is used for the brief risk stratification of all presenting older patients. Second, those patients that screen positive undergo a multimodal geriatric assessment or some other elaborate diagnostic procedure, which then in consequence enables the clinician to reliably identify the needs of geriatric patients [4, 22] . Risk stratification of older patients in the ED therefore strives to enable the healthcare system to manage its resources as efficiently as possible. Additionally, the goal is to provide the identified high-risk patients with a more thorough diagnostic process than exerted in usual ED care; however, despite a growing body of relevant literature, implementing risk stratification processes targeted at older patients in German EDs seems to fall short [35] . The reasons for this situation include the complex characteristics of the ED setting, ambiguous results about the validity of the potentially useful instruments, as well as the questionable clinical utility.
Characteristics of the ED setting and risk stratification with identification of seniors at risk (ISAR)
The key to any systematic screening in the ED is feasibility as ED settings provide limited time and room as well as often noisy and busy surroundings. Not only are multimodal geriatric assessments not suited for this environment, some of the screening methods designed specifically for the risk stratification of older adults are likely too long and effortful for efficient use in EDs [14, 36] . In a consensus statement for the identification of geriatric patients in the ED setting in Germany, the German Geriatric Society as well as the German Society of Gerontol-ogy and Geriatrics mentioned a number of potential tools for the risk stratification of older adults in the ED setting [6, 16, 21] . Specifically, the use of the identification of seniors at risk screening (ISAR) tool was recommended for settings where no other instruments or geriatric expertise are available, mainly because of the ISAR's simple administration and its existing extensive body of international literature [35] ; however, while positive and negative results on the predictive validity of the ISAR have been reported in the international literature [9, 29] , meta-analyses found it to have either insufficient or only modest predictive accuracy [5, 13] . In light of negative results, Hwang and Carpenter argued that while more accurate tools are being developed the ISAR should continue to be used to ensure awareness and understanding of geriatric patients beyond the acute problem [17] . The only study that examined the predictive validity of the ISAR in a German sample of ED patients found it to have "acceptable" predictive validity [30] . There are two major aspects that complicate the integration of the ISAR tool into the clinical routine: first, with the risk of adverse events (e.g. rehospitalization, nursing home admission and mortality) it measures a construct of general risk, which is difficult to grasp and unspecific regarding its medical indications. Second, in the studies conducted using German ED samples, the ISAR classified more than 80% of patients as high-risk patients [30, 37] , thus questioning its specificity and ability to strengthen the effective use of resources.
Addressing the previously mentioned concerns and the suggestion made in the literature to explore alternative variables for the risk stratification of older ED patients [5] , the objective of this study was to examine the predictive validity of the cognitive screening tool short portable mental status questionnaire (SPMSQ [25] ) for adverse events after an ED hospital stay. The SPMSQ is an established short cognitive testthathas alreadyfound application in the ED setting [28] ; it has also been shown to predict adverse events in older patients [21, 31] . Furthermore, cognitive impairment is common but often remains undetected or clinically unused in older ED patients [15] . According to the recommendations of the Society for Academic Emergency Medicine cognitive screening can even be seen as one of the major quality indicators in geriatric emergency medicine [34] . To the best of our knowledge, there is no study that has examined the predictive validity of the SPMSQ for adverse events in a sample of German ED patients across a considerable observational period. Consequently, due to the need for risk stratification and cognitive screening in the ED and the existing strong relationships between cognitive impairment and undesired outcomes, this study examined the suitability of cognitive screening with the SPMSQ as a tool for risk stratification up to a 1-year interval.
Methods

Study design and participants
This was a single center, exploratory and prospective cohort study with 260 consecutivelyrecruited EDpatients. The data on the predictive validity of the SPMSQ were drawn from the usual care group of an ongoing intervention study. The study was approved by the ethics committee at the medical faculty of Heidelberg University (S-455/2016). Since the study was based on the usual care group of an ongoing intervention study, no specific power calculation was conducted; however, the overall sample size of 260 can be quali-fied as similar to comparable studies in the existing literature (e.g. [3, 29] ).
Recruitment was done by the first author and took place 7 days a week during the day shifts in a cardiological ED (chest pain unit) affiliated with a university hospital, with 12 beds in the ED and a total of 114 beds in the associated cardiology department. The first patient was recruited in July 2017 and the last patient in May 2018. Patients aged 70 years or above were included. Exclusion criteria were missing informed consent or a likely life expectancy of less than 24 h. Due to procedural reasons, patients that had to undergo isolated care were also not included in the study. Patients were asked to participate in the study after the initial medical examination. On agreement, a respective informed consent document to participate in all data waves was signed. Follow-ups were conducted 1, 3, 6 and 12 months after initial contact via telephone interviews. The data were combined with hospital files, online death recording via obituaries and registry office information.
Measures and outcomes
In addition to several demographic characteristics, the patient's cognitive performance was assessed by use of the SPMSQ tool, which can be retrieved from the original publication [25] or other available resources [12, 18] . The SPMSQ score is derived from the amount of errors based on a 10-item list by coding errors as "1" and correct answers as "0". Items include tasks on orientation ("What is the date today?"), memory ("What was your mother's maiden name?") and attention ("Subtract 3 from 20 and keep subtracting 3 from each new number, all the way down"). Thus, individual cognitive scores ranged from 0 to 10 errors, with lower values indicating better cognitive performance.
As outcomes unplanned rehospitalizations (ED and general) were recorded as well as nursing home admissions and all-cause mortality. For the primary analysis all outcomes were combined into a binary coded composite adverse outcome variable, meaning at least one of the events had occurred within 1 month after initial contact, if the composite outcome was coded as positive for the first followup. This composite outcome was examined for primarily 1 month, but further also for 3, 6 and 12 months after initial contact. For a secondary analysis the allcause mortality within 1 year after initial contact was also examined.
Statistical methods
Descriptive statistics of the sample were calculated using means and standard deviations for continuous normally distributed variables, median and interquartile range for continuous/discrete but not normally distributed variables and absolute and relative frequencies for categorical variables. Group differences across these variables were calculated for cognitively impaired and unimpaired patients (SPMSQ error score ≥3 and <3). Given the binary coding of the primary outcome, logistic regression models were used to test for the relationship between the SPMSQ score and the primary outcome. In these analyses, pairwise deletion was used for missing data. Receiver operating characteristic (ROC) curves were used to illustrate the discriminatory performance of the cognitive risk screening. For the secondary outcome, a survival analysis was conducted with Kaplan-Meier estimates. Statistical analyses were performed using SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Descriptive statistics for the 260 included patients can be found in . 
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Keywords
. Fig. 1 displays the exact discriminatory performance of the SPMSQ score (continuous) for those time points where it was found to be a significant predictor of the composite outcome, hence the 3, 6, and 12-month intervals. Associated areas under the curve (AUC) for all time points were 0.55 (95% CI 0.46-0.63) for This multivariate model was adjusted for patient sex, education and body mass index (BMI) at initial contact. Age and comorbidity at initial contact were also controlled by using the score of the Charlson age-comorbidity index **p < 0.01, ***p < 0.001 1 month, 0.61 (95% CI 0.54-0.68) for 3 months, 0.63 (95% CI 0.56-0.70) for 6 months and 0.63 (95% CI 0.56-0.70) for 12 months after initial contact. Sensitivities and specificities of the SPMSQ for the prediction of the composite outcome across different possible cut-off values can be found in the Supplementary material Table 1 . For the time points where SPMSQ was a significant predictor of adverse outcomes, the associated sensitivities and specificities using the ≥3 errors cut-off were as following: 34% sensitivity and 88% specificity (3 months), 30% sensitivity and 91% specificity (6 months) and 29% sensitivity and 94% specificity (12 months). Kaplan-Meier curves were used to analyze patient survival probabilities depending on positive or negative SPMSQ results (with cut-off ≥3; see . Fig. 2) . Of the total sample (N = 260) one patient with negative SPMSQ was lost to follow-up at 6 months after initial contact and therefore censored. Overall, the logrank test showed no statistically significant differences between the resulting two survival curves, although there was a trend that lowered cognitive performance was associated with higher allcause mortality (χ 2 (1) = 2.92, p = 0.087).
Discussion
To the best of our knowledge this is the first study that examined the predictive validity of the cognitive screening tool SPMSQ for the risk stratification of older ED patients regarding adverse outcomes (e.g. rehospitalization, nursing home ad-mission, mortality). The key findings can be summarized as following: 4 SPMSQ seems to be a useful predictor of adverse outcomes in older German ED patients; however, not for brief (e.g. 1 month) but only for longer observation periods (e.g. 1 year). This relationship remained stable when controlling for a range of confounders. 4 The suggested ≥3 errors cut-off appeared to be the most useful when predicting adverse outcomes at different points in time. 4 While the specificity is high sensitivity is low. Overall, these characteristics can be regarded as insufficient for use as a screening tool. 4 Although a tendency was observed for a decreased 1-year survival probability of patients with a SPMSQ score of ≥3 errors when compared to those with <3 errors, results were not statistically significant.
Geriatric screening in the ED is of special relevance, because scarcity of resources and increasing demand for geriatric emergency medicine necessitate an empirically tested approach for risk stratification of the patients. Identified highrisk patients can undergo a multimodal assessment and, if suitable profit from specialized interventions or optimized treatmentpathsforgeriatric patients [33] . The best studied instrument and therefore the reference standard for qualifying our results is the ISAR. Singler et al. [30] reported the ISAR to predict adverse outcomes at 28 days and at 6 months after initial contact in a German ED sample. Even though ISAR measures an abstract risk of adverse outcomes and SPMSQ was designed as a cognitive screening tool, cognitive impairment has shown to be substantially related to adverse outcomes, such as rehospitalization, nursing home admittance, and mortality ( [11, 21, 31] ). For risk stratification purposes, especially the short-term development of patients may be of interest; therefore, the primary analysis used the same composite outcome as the study conducted by Singleretal. [30] andsimilarlyfocusedon the prediction of adverse events 1 month after initial contact but also for longer Survival plots for patients classified as cognitively impaired (group 1) or unimpaired (group 2) by the SPMSQ with cut-off ≥3. Numbers above the x-axis indicate the count of patients at risk in the respective groups observational intervals. For the 1-month observation period, SPMSQ was not an efficient predictor of adverse outcomes; however, for longer observation periods (3, 6 and 12 months) SPMSQ predicted adverse outcomes even when controlled for a range of confounders, such as patients' sex, age, comorbidity and body mass index, which may be of interest since the data were collected in a cardiological ED and also education due to potentially protective cognitive reserve [27] .
The overall AUC effect size at 6 months was found to be in a comparable magnitude as observed with ISAR. Consequently, the performance of solely going for the SPMSQ seems at first glance to be similar to the ISAR. In addition, the results are in accordance with previously reported findings in the literature that cognitive impairment as measured by the SPMSQ is a predictor of adverse events. This further underlines the usefulness of cognitive measures for risk stratification of older ED patients, which is already considered in existing tools, such as the acutely presenting older patients (APOP) screener [7, 8, 20] ; however, limitations of using the SPMSQ as a risk stratification tool in the ED geriatric patient population must be noted as well. Regarding the sensitivity and specificity of the SPMSQ for detecting risk of adverse outcomes, compared to the results reported in the study of Singler et al. [30] , the SPMSQ was found to have a higher specificity but a much lower sensitivity than the ISAR for predicting adverse outcomes at 6 months after initial contact. If sensitivity and specificity were weighted equally (e.g. by examining Youden's J), overall diagnostic accuracy of the SPMSQ to predict adverse events would be comparable to that of the ISAR; however, the potential harm from false negatives deserves special consideration. For example, when overlooking a patient with high risk because of a negative SPMSQ categorization and consequently not taking any active measures to prevent the adverse outcome, the consequences would be far more serious than from a false positive. A false positive would only result in extra time spent to conduct a multimodal assessment with a patient that was categorized as a high-risk patient by the ISAR but that is, in reality, at low risk of adverse outcomes. Thus, the SPMSQ appears to be inferior in terms of use as a screening instrument when compared to the results of the ISAR as reported by Singler et al. [30] . Finally, the association of cognitive impairment as categorized by the SPMSQ and the all-cause mortality of the sample of older cardiology ED patients was examined. The results of current research point to cognitive impairment being a clear predictor of mortality [2, 19, 24] . Furthermore, this may be of special relevance in cardiology patients, since cognitive impairment was found to not only be associated with detrimental cardiological events [23] , but also other predictors of mortality in cardiological patients, such as malnutrition [10] . Surprisingly, however, no robust relationship between the SPMSQ cut-off and survival was found. This is seen as an important research question for higher powered studies in the future, with possibly longer observation periods.
Limitations
Several limitations must be considered when interpreting the results. Interviewer bias may be possible because data collection and follow-up were conducted entirely by the first author of this study, who was not blinded regarding the study goal; however, fully standardized measures and objective outcomes were used
that are not open to interpretation. Even though this was an exploratory study, multiplicity should also be addressed. The results remained significant when multiplicity was adjusted for by using the established Bonferroni-Holm correction of the alpha significance level. Multiplicity is therefore seen as a relatively minor problem in this analysis. Another possible source of bias is that screening was only possible with patients where an informed consent procedure was feasible. Patients with very severe medical problems were consequently excluded. Since these patients are obviously highrisk patients, they cannot be regarded as the target group for geriatric screening; however, the fact that patients undergoing isolated care could not be included poses a risk to the external validity of the results presented in this article. Additionally, due to mostly conducting follow-ups via phone calls, it was not possible to provide reliable incidences of the outcomes that were combined into the composite outcome separately. For example, the outcome mortality may have masked a previous rehospitalization because it was difficult to retrieve this information. Finally, it must be emphasized that patients were recruited from a university affiliated cardiology ED that may not be representative of the general ED population due to different morbidities and due to its popularity with private patients from different locations. This also can be seen as a risk to the external validity.
Conclusion
In longer observation periods the cognitive screening tool SPMSQ can be a predictor of adverse outcomes, even when controlled for a range of relevant confounders. Its characteristics, however, specifically the low sensitivity, make it unsuitable as an accurate risk stratification tool alone. Combinations with other risk screening procedures may however be promising.
